INTRODUCTION
Sphincter of Oddi dysfunction (SOD) is a challenge from both the diagnostic and therapeutic points of view. Sphincter of Oddi dysfunction is typically diagnosed months to years after cholecystectomy. Continued biliary type pain after cholecystectomy may occur in as many as 10-20% of the patients. 1 Ten percent or more of these patients may eventually be shown to have SOD. The syndrome is often associated with a variety of other gastrointestinal disorders thought to be caused by dysmotility. The present paper will focus primarily on SOD syndrome, papillary stenosis and the diagnostic and therapeutic approaches. A clinical classification system of these disorders is presented.
DEFINITIONS AND CLASSIFICATION
These constellations of symptoms and signs that persist after cholecystectomy have been termed the 'postcholecystectomy syndromes'. The frequency approaches 20% of patients. Several conditions may be responsible for this syndrome, including biliary and pancreatic disease, irritable bowel syndrome, peptic ulcer disease, liver diseases, angina and neuritis. A small percentage of patients with postcholecystectomy syndrome have SOD. 1 This cryptic syndrome characteristically leads to biliary colic with pain. Several terms have been used to describe this clinical entity, including papillitis, 2,3 stenosis of the sphincter of Oddi, 4, 5 Digestive Endoscopy (2001) 13, 182-186
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PATHOPHYSIOLOGY
Sphincter of Oddi dysfunction is thought to cause pain by impeding the flow of bile and pancreatic juice, resulting in ductal hypertension. 8, 9, 11 Spastic contractions and hypersensitivity of the papilla have also been proposed. 8, 9, 11 Clearly, morphological changes of the sphincter, such as edema, inflammation, hypertrophy and fibrosis, are very prominent in most patients with papillary stenosis (type I SOD; Figs 1, 2) . It is conceivable, albeit speculative, that altered nerve or muscle functions are responsible for the dysmotility seen in patients with type III SOD. For patients with either type I or type II SOD, the pain may be due to relative obstruction to bile flow with a subsequent rise in intraductal pressure. Alternatively, many patients with type III SOD may have a sensory problem, the so-called 'visceral hyperalgesia'. This is often further compounded by psychological factors, which appear to be very prevalent in this patient population. 14 
Acosta et al.
2 studied the histopathology of wedge specimens of sphincter of Oddi biopsies taken during surgical sphincteroplasty in 61 patients with a benign inflammatory stenosis of the lower end of the CBD (papillitis). They classified the pathological changes observed in the ampulla of Vater as chronic ulcerous papillitis (21 patients), chronic granulomatous papillitis (15 patients), chronic adenomatous papillitis (five patients) and chronic sclerosing papillitis (20 patients). Anderson et al. 15 reported that wedge specimens of the sphincter of Oddi obtained at surgical sphincteroplasty from SOD patients showed evidence of inflammation, muscular hypertrophy, fibrosis or adenomyosis within the papillary zone in approximately 60% of patients. The remaining 40% of patients with normal histology were thought to have a motor disorder. Ponchon et al. 16 biopsied 69 patients suspected of having SOD and found that the papilla was macroscopically normal in 30 patients. An inflammatory papillary orifice was observed in 21 patients and a prominent infundibulum was noted in 18 patients. Biopsies (three to 10 samples) of the intra-ampullary region were taken an average of 7 weeks later. Three of 69 patients were found to have ampullary adenocarcinoma. Of the others, 36 patients had normal biopsy results, 27 had inflammatory changes (infiltration by lymphocytes and plasma cells) and three had fibrotic changes.
CLINICAL PRESENTATION
Patients with recurrent epigastric or right upper quadrant pain after cholecystectomy require a careful and systematic evaluation to identify the etiology of their pain. The pain is often continuous, with episodic exacerbation. Radiation to the back or shoulder may be accompanied by nausea and vomiting. This pain may begin several years after cholecystectomy and is similar in character to the pain that led to cholecystectomy. Sometimes the pain persists despite chole- 
DIAGNOSIS
The initial screening tests should include liver function tests and abdominal ultrasound. If these are normal, an upper endoscopy is indicated to rule out disease in the esophagus, stomach and duodenum. Finally, most patients will undergo a computerized scan of the abdomen to examine the distal bile duct and pancreas. In addition, patients undergo an ERCP to look for retained stones or strictures of the bile duct. During ERCP, one may suspect the presence of SOD from evidence of delayed emptying of contrast or dilated ducts. A definitive diagnosis of SOD, especially the Milwaukee classification types II and III, requires sphincter of Oddi manometry.
Sphincter of Oddi manometry
The technique and interpretation of direct endoscopic sphincter of Oddi manometry is now reasonably well standardized, with generally reproducible readings. Most authors use a triple-lumen catheter. The pressure signals from sphincter contractions are transmitted to external transducers, which transform, amplify and record the signal. Although a variety of indices have been studied, baseline sphincter pressure is commonly the only parameter used to assess sphincter dysfunction. A reading of over 35 mmHg is considered abnormal. 17 Sphincter of Oddi manometry may be a hazardous procedure, primarily, because of pancreatitis, which may occur in over 30% of patients. 18 The risk can be reduced, but not eliminated, with the use of a special aspiration catheter. 18 Manometry, although difficult to perform, appears to be reproducible on subsequent measurements and is currently considered the 'gold standard' for functional evaluation of the sphincter of Oddi.
Pancreatic sphincter manometry, despite its higher risk of pancreatitis, may be required in patients presenting with idiopathic recurrent pancreatitis who have not achieved relief after bile duct sphincterotomy. The high risk of pancreatitis, largely due to fluid instillation into the pancreatic duct, can also be reduced with the use of special aspiration catheters. 18 At present, there is debate regarding the value of manometry in detecting sphincter of Oddi dysfunction, 19 not apparent from other clinical or radiological investigations.
20,21 Some authors did not confirm the diagnosis of SOD by sphincter of Oddi manometry before performing endoscopic sphincterotomy. 16 Ponchon et al. 16 stated that the clinical value and safety of sphincter manometry are in question. They did not perform sphincter manometry before endoscopic sphincterotomy for SOD because they had experienced a case of severe pancreatitis after such manometry. Their suspected diagnosis of SOD was based on clinical, laboratory and radiologic data, in accordance with a recent consensus supporting the term 'sphincter of Oddi dysfunction' for the syndrome in which recurrent biliary type pain is associated with elevated liver enzymes or acute pancreatitis. Patients with papillary stenosis (type I SOD) may actually have normal manometric findings.
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Sphincter of Oddi dysfunction and pancreatitis
The role of SOD in pancreatitis remains a dilemma. 23 Sphincter of Oddi dysfunction has been implicated in both idiopathic recurrent pancreatitis and chronic pancreatitis. 23 Several reports have indicated that an increased basal pressure measured in the sphincter of Oddi is seen in some patients with idiopathic recurrent pancreatitis. [24] [25] [26] Sphincter of Oddi dysfunction has recently been documented manometrically in 15-59% of patients with idiopathic recurrent pancreatitis. 17 However, these studies failed to exclude microliths and crystals in bile as potential causes of pancreatitis. 27 A standard sphincterotomy does not abolish the pancreatic sphincteric zone, although its pressure may be reduced. Therefore, there has been inconsistent benefit from a biliary sphincterotomy in pancreatitis presumed to be induced by SOD. 28, 29 Although studies with small series of patients suggest a significant benefit from ablating the pancreatic sphincter zone by either a pancreatic sphincterotomy or balloon dilation in these patients, 28, 30 there are no rigorously conducted randomized trials. At present, because of high complication rates, pancreatic sphincterotomy in these patients should be performed only at specialized centers.
TREATMENT AND RESULTS
The diagnosis of SOD and accurate selection of treatment are difficult problems. In patients with elevated sphincter of Oddi pressures, both nitroglycerin and nifedipine have been shown to significantly decrease pressures and relieve symptoms for short periods of time. The inconvenience of regular dosing, systemic side effects and tachyphylaxis may limit the long-term use of these agents. The use of short-term plastic stenting has been advocated on the basis that pain relief with a stent was predictive of a good outcome after sphincterotomy. 31 This approach has not gained popularity because the risk of pancreatitis exceeds 38%. 31 Patients with type III SOD may be treated with low-dose antidepressants, much in the same way as patients with other painful functional bowel disorders.
14 If such a trial fails, more invasive management strategies may be offered, but only after a thorough discussion with the patient about the risks and benefits involved.
Sphincter ablation appears appropriate for patients with high-grade obstruction (type I SOD). In patients with lesser degrees of obstruction, the clinician must carefully weigh the risks and benefits before recommending invasive therapy. Sphincterotomy is generally recommended for type I patients, as well as for types II and III patients with abnormal sphincter of Oddi manometric findings. 17, [32] [33] [34] Most authors recommend manometry in type II patients followed by sphincterotomy if necessary in patients with high pressures. As indicated above, there is debate regarding the value of manometry in detecting SOD not obvious from other clinical or radiological investigations. 32 Sphincter ablation has been achieved using endoscopic sphincterotomy, surgical sphincteroplasty, hydrostatic balloon dilation or stenting of the sphincter. Both stenting and balloon dilatation of the sphincter of Oddi have had a variable success rate in relieving symptoms. The complication rate, especially pancreatitis, is high with balloon dilation. 35 DiSario et al. reported a fatally severe pancreatitis in two patients in a randomized study comparing balloon dilation and sphincterotomy for extraction of bile duct stones. 36 The results of endoscopic sphincterotomy compare favorably with surgical sphincteroplasty in terms of complication rate and the long-term relief of symptoms. 7, 8, 12, 17 Sphincterotomy is generally recommended for type I patients as well as for types II and III patients who have abnormal sphincter of Oddi manometric findings. 17, 32, 33 The expected pain relief rates by endoscopic sphincterotomy are 90-95% for type I patients. For type II patients, the pain relief rates are 85% in those with abnormal manometric findings and 35% in patients with normal pressures. 37 For type III patients, pain relief rates are 55-60% in patients with high sphincter pressures and less than 20% in patients with normal pressures. 17 A sphincterotomy results in symptomatic improvement in most patients in type I SOD. 13 Sphincter of Oddi manometry is not necessary and may be misleading in type I patients before endoscopic sphincterotomy. 8, 10, 17, 32, 38 Endoscopic cannulation of the bile duct can be very difficult in some patients with papillary stenosis (type I SOD; Fig. 1 ). The use of a long, tapered catheter and guidewire papillotomy may be necessary. 38 Patients undergoing endoscopic sphincterotomy for papillary stenosis are five times more likely to develop restenosis at the sphincterotomy site compared with patients who have endoscopic sphincterotomy for calculi. 39 The papillary incision should be as long as possible at the time of the initial sphincterotomy in order to decrease the likelihood of restenosis. 39, 40 Repeat endoscopic sphincterotomy, 10 surgical sphincteroplasty 33 or bypass surgery 7 may be required for restenosis of the ampulla of Vater by scar formation.
Complications
Most reports indicate that SOD patients have a high complication rate from endoscopic sphincterotomy. The morbidity is higher when performed for papillary stenosis compared with attempts to extract calculi. 11, 39, 41 The complication rate is further increased when the CBD is not dilated. 13, [41] [42] [43] Similarly, endoscopic sphincterotomy is safer when performed for biliary rather than pancreatic pathology. The poor results in the pancreatic group have been attributed to the presence of underlying parenchymal disease, even when this is not apparent by current imaging techniques. A further distinction in the pancreatic group should be made between patients with acute recurrent compared with chronic pancreatitis, because the former group has a significantly better outcome.
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CONCLUSIONS
Sphincter of Oddi dysfunction is an uncommon yet challenging entity to diagnose and treat. Diagnosis and definition of the disorder often remain cryptic or arbitrary. The high failure rate of endoscopic and surgical treatment reflects the difficulties in accurate diagnosis and the lack of specific objective criteria by which to select appropriate therapy in patients with types II and III SOD. Endoscopic sphincterotomy is an effective and safe modality for the treatment of papillary stenosis (type I SOD). Sphincter of Oddi manometry is not necessary before endoscopic sphincterotomy in type I patients. In a subgroup of type III SOD patients, the dysfunction is simply a part of a generalized gastrointestinal motility disorder; targeting the sphincter of Oddi does not result in control of the symptoms. All procedures on the sphincter should be undertaken with caution after meticulous investigation and patient selection should be based on strict objective criteria.
